INTRODUCTION
============

Post-traumatic stress disorder (PTSD) can be diagnosed only if the accident (trauma) is severe and psychological distress is extreme. In contrast, adjustment disorder (AD) can be diagnosed in patients who did not meet the diagnostic criteria of PTSD or other Axis I diagnoses of Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) after trauma.[@B1]

To differentiate PTSD from other conditions, researchers have focused on cognitive appraisals (e.g., perceived threat) and coping strategy variables that have been recognized as significant predictive factors of PTSD.[@B2],[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9],[@B10] However, cognitive and neurocognitive factors, such as intelligence and memory, have received relatively little attention despite the importance of these factors in the differentiation of PTSD from other conditions.

Previous studies have reported that memory impairment is associated with PTSD symptoms.[@B11],[@B12],[@B13],[@B14] Several studies have shown a significant difference in verbal memory ability between people with PTSD and control groups (health group, major depressive disorder and anxiety disorder).[@B15],[@B16],[@B17] But, to date, there has been minimal research regarding comparison of cognitive function between PTSD and AD. Differential diagnosis between PTSD and AD is rather difficult, but very important to the assignment of appropriate treatment and prognosis. And successful differential diagnoses could also help solve problems for both insurance companies and victims.

Johnsen and Asbjørnsen[@B18] administered the California Verbal Learning Test to examine differences in encoding strategies and verbal memory in individuals exposed to war with and without PTSD (including adjustment disorder). In their study, the serial cluster score was significantly lower, and intrusive errors were more frequent in the group of individuals with PTSD. Geuze et al.[@B16] compared verbal and visual memory between 25 Dutch veterans with PTSD and 25 veterans without PTSD (including adjustment disorder). There was a significant differences in verbal and visual memory testing.

It is generally accepted that comorbidity of PTSD and depression is high, and that depressive symptoms can influence mental processing, organizing of information, and memory.[@B19] Memory impairment can be also related to the depressive symptoms of people with PTSD.[@B15],[@B18],[@B20] Thus, to verify the specific effects of PTSD symptoms on memory impairment, it is necessary to control for depressive symptoms.[@B21]

Many studies have used the Minnesota Multiphasic Personality Inventory 2 (MMPI-2) to differentiate between people with or without PTSD.[@B22],[@B23],[@B24] Related studies have suggested that the depression (D), psychasthenia (PT), and schizophrenia (SC) scales of the MMPI-2 are important for the diagnosis of PTSD.[@B25],[@B26],[@B27] Some studies have focused on the D-SC and PT-SC code types.[@B28],[@B29],[@B30],[@B31] The Keane PTSD scale (PK) has also been recognized as a good assessment tool for the differentiation of groups of people with and without PTSD.[@B32],[@B33] However, little is known about which scales of the MMPI-2 are the most useful for differentiating PTSD and AD.

Previous studies[@B16],[@B18] have indicated that tests of memory ability and the MMPI-2 may be useful for differentiating groups of people with and without PTSD (including adjustment disorder); however, almost all of these studies were conducted with veterans, which limits the generalization of results to victims of other types of trauma. Thus, we investigated the usefulness of these assessments in the differentiation of PTSD and AD after trauma from traffic accidents by using a cross-sectional design. We hypothesized that PTSD and AD with traffic accident could be differentiated clinically through memory tests and the MMPI-2 in this study.

METHODS
=======

Participants
------------

Twenty-five people with PSTD and 24 people with AD were recruited from 98 eligible individuals. The groups were matched for age, gender, education, estimated intelligence, and elapsed time since the vehicle accident. The mean age of all subjects was 44.71 years old (standard deviation \[SD\], 13.58), and the mean elapsed time since the accident was 96.78 days (SD, 85.21). Subjects received no economic compensation for their participation. Demographic characteristics of both groups are presented in [Table 1](#T1){ref-type="table"}. This study was approved by the institutional review board of Inje University Ilsan Paik Hospital (Goyang, Korea), and all subjects gave informed consent.

Measures
--------

### Korean-Wechsler Adult Intelligence Scale (K-WAIS)

To estimate intelligence quotient (IQ), we utilized an abbreviated form of the K-WAIS, which consists of four subtests (vocabulary, arithmetic, block design, and picture arrangement) and standardized in the article of Yeom et al.[@B34] We excluded patients whose IQ was below 70. The correlation between the abbreviated form of the WAIS and the full IQ score has been reported to be as high as 0.92-0.94.[@B35],[@B36]

### Rey-Kim memory test[@B37]

This test consists of two subtests: the Auditory Verbal Learning Test (AVLT) for verbal memory ability and the Complex Figure Test (CFT) for visual memory ability. The AVLT includes immediate verbal memory, delayed verbal recall, and delayed verbal recognition. CFT includes immediate figure recall and delayed figure recall.

### MMPI-2

The MMPI-2 was developed by Hathaway and McKinley,[@B38] and the Korean version was standardized by Han and Hong.[@B39] It consists of 567 questions and has more content and supplementary scales than the MMPI. The MMPI-2 consists of ten clinical subtests: hypochondriasis (HS), depression (D), hysteria (HY), psychopathic deviate (PD), masculinity-femininity (MF), paranoid (PA), psychasthenia (PT), schizophrenia (SC), hypomania (MA), and social introversion (SI). In this study, the reliability of the MMPI-2 averaged 0.86.

### Beck Depression Inventory (BDI)

The BDI is a self-report instrument used to measure depressive symptoms.[@B40] It consists of 21 questions, which include emotional, cognitive, motivational, and behavioral symptoms of depression. A high total score represents more severe depression. Each question is rated from 0 to 3 points, and the total score ranges from 0 to 63 points. This study used the BDI standardized by Rhee et al.[@B41]

Procedure
---------

Patients who were at least 18 years old and had been involved in a vehicle accident within one year (the traffic accident occurred between one month and one year prior to the study) were screened for inclusion in this study. Licensed clinical psychologists interviewed patients, and the Structured Clinical Interview for DSM-IV (SCID)[@B39] was used to diagnose PTSD and AD.

Subjects who had brain injuries, diagnoses of intellectual disability, dementia, amnestic disorder, cognitive disorder, personality change due to head trauma, and other psychiatric disorder except for PTSD or AD were excluded. Final diagnosis was determined through consensus at a meeting of the interviewers. Inter-rater reliability for the final diagnosis was approximately 90%. Next to, 4 licensed clinical psychologists administrated K-WAIS, Rey-Kim memory test. Finally, all subjects reported MMPI-2 and BDI.

### Statistical Analyses

For analysis of demographic characteristics, independent t-tests and chi-square tests were conducted. We also conducted independent t-tests to compare verbal and visual memory scores, the scores on the MMPI-2, and the BDI scores across participants with PTSD and participants with AD. Pearson correlation analysis was used to identify relationships between depressive symptoms, PTSD symptoms, and neuropsychological functioning. Finally, to explore the unique effect of PTSD symptoms on memory ability, we conducted an analysis of covariance (ANCOVA) with group as an independent variable and memory functions as dependent variables after controlling depressive symptoms (covariate).

RESULTS
=======

Demographic Characteristics
---------------------------

There were no significant differences between people with PTSD and people with AD in gender, age, education, estimated IQ, and elapsed time after accident ([Table 1](#T1){ref-type="table"}).

Memory Tests and BDI
--------------------

The results of the t-tests are presented in [Table 2](#T2){ref-type="table"}. The participants with AD had significantly higher scores than the participants with PTSD in immediate verbal memory, *t*(45)=-3.20, *p*\<0.01, and delayed verbal recognition, *t*(45)=-3.59, *p*\<0.01. The difference in delayed verbal recall was marginally significant, *t*(45)=-1.99, *p*=0.053. There was no difference for immediate figure recall, *t*(45)=-0.38, *p*=0.70, or delayed figure recognition, *t*(45)=-0.48, *p*=0.64, between groups.

PTSD group showed more severe depressive symptoms than AD group (34.56 vs. 21.35 respectively), *t*(46)=4.71, *p*\<0.001. Correlation analysis showed that the severity of depressive symptom was significantly correlated with immediate verbal recall, *r*=-0.56, *p*\<0.001; delayed recall, *r*=-0.38, *p*\<0.05; delayed recognition, *r*=-0.55, *p*\<0.001; and the PK scale, *r*=0.56, *p*\<0.001. No significant differences were found in the ANCOVA for immediate verbal recall, *F*(1,45)=1.78, *p*=0.19; delayed recall, *F*(1,45)=0.45, *p*=0.51; and delayed recognition *F*(1,45)=3.07, *p*=0.08; respectively.

MMPI-2
------

The scales of the MMPI-2 that differed significantly across groups were HS, *t*(47)=2.09, *p*\<0.05; HY, *t*(47)=3.12, *p*\<0.01; PD, *t*(46)=2.68, *p*\<0.05; PA, *t*(47)=2.05, *p*\<0.05; SC, *t*(47)=2.44, *p*\<0.05; and PK, *t*(47)=2.20, *p*\<0.05. Results indicated that scales D and PT had the highest scores in the group with PTSD, but these scales did not differ across groups. The mean MMPI-2 profile of group with PTSD and group with AD are presented in [Fig. 1](#F1){ref-type="fig"}.

DISCUSSION
==========

The purpose of this study was to explore tools for the differential diagnosis of PTSD and AD groups after a vehicle accident. We compared verbal and visual memory, MMPI-2 scales, and BDI of two groups and found that verbal memory tests and MMPI-2 sub-scales can be used to differentiate the two groups.

First, we found that the group with AD performed significantly better than the group with PTSD in immediate verbal memory, delayed verbal recall, and delayed verbal recognition. In our study, the difference between groups could not be explained by differences in estimated intelligence, education level, or time since the traffic accident. These results are in accord with previous studies that demonstrated differences in verbal memory ability between participants with PTSD and Non-PTSD.[@B14],[@B18],[@B42]

Our results suggest that people with PTSD have more difficulty in the encoding, processing and organization of verbal information than people with AD. However, further analysis indicated that verbal memory impairment in participants with PTSD was significantly influenced by depressive symptoms. These results are also in line with previous reports.[@B18],[@B42],[@B44] Another possibility for this result is that the interaction of PTSD and depressive symptoms may have a negative influence on verbal memory ability.[@B42]

Several studies have demonstrated an independent effect of PTSD symptoms on memory impairment. But, many studies included subjects who were diagnosed with anxiety and depressive disorders after traffic accidents, which complicate the process of determining the actual associations among PTSD symptoms, depressive symptoms and memory impairment. Thus, we included people with PTSD or AD but without a major depressive disorder diagnosis. To better understand the pathology of PTSD, it is important to explore the unique effect of PTSD symptoms and depressive symptoms on cognitive dysfunction in future.

In our study, there were no significant differences in immediate and delayed figure recall between the group of people with PTSD and the group of people with AD. Although a few studies have demonstrated differences in figure memory ability between individuals with PTSD and control groups,[@B14],[@B44] other studies have reported no difference in figure memory ability between people with PTSD and people without PTSD.[@B16],[@B45],[@B46] Result of our study may be caused by measurement tool. We used Complex Figure Test of Rey-Kim Memory Test and this tool might be unsensitive differentiating visual memory ability between PTSD and AD. Considering this study and previous studies, difference of visual memory between PTSD and AD is unclear and more research is needed.

The results of our study revealed that the MMPI-2 clinical scales could be a useful index in the differentiation of PTSD and AD group. HS, HY, PD, PA, SC, and PK scores were significantly higher in participants with PTSD compared to the group with AD. Specially, considering previous studies, *t*-value and effect size of our study, powerful scale for differentiating two groups was the HY, SC, and PD. Higher scores on the HY scale may be reflect concentration problems, somatic complaints, helplessness, and anger control problems of PTSD.[@B47],[@B48] Previous studies reported that SC scale of the MMPI-2 was important for the diagnosis of PTSD.[@B25],[@B26] SC scale can be reflect the problem of self-integration after trauma experience. And, social and inner alienation of individual with PTSD may be reflected in PD scale.

The PK scale also had good discriminative sensitivity, consistent with previous studies,[@B25] which suggested that the PK scale increased the diagnostic accuracy of MMPI-2 in differentiating participants with PTSD from control groups and other clinical samples. Adkins et al.[@B49] demonstrated that the PK scale showed good test-retest reliability and internal consistency. In our study, the D-PT code type of MMPI-2 increased prominently compared to other scales in the PTSD group; however, two groups in our study did not exhibit statistically different scores on these two scales. This implies that these D and PT scales may be not sensitive enough to differentiate PTSD and AD group.

To date, studies about the differential diagnosis of groups of individuals with PTSD and groups of individuals with AD are rather rare, and our study is a meaningful attempt to fill this gap in the literature. The differential diagnosis of these disorders is difficult because the subjective and objective symptoms of people with PTSD and people with AD are often ambiguous or vague. Thus, identifying indices for a differential diagnosis between PTSD and AD is absolutely necessary.

We think that PTSD patients show dysfunction of memory efficacy compared to adjustment disorder and other disorders (e.g., major depressive disorder, anxiety disorder) in clinical setting and PTSD patients with traffic accident report higher scores in PA, PT, SC, HS and HY scale of MMPI-2 than Non-PTSD group (including adjustment disorder). Especially, we suggest that about 10 point difference between PTSD and AD in HY, PD, and SC scale of MMPI-2 can be useful in differentiating two groups.

This study has several limitations. First, all the patients in our study were taking medication, which could have influenced the symptom severity of patients and thus bias our results. Second, the sample size in this study is relatively small, which could be attenuate generalization of our results. Thus, a larger sample of patients with PTSD will be necessary for future studies.

In summary, our results showed a significant decrease in immediate verbal memory, delayed verbal recognition, and delayed verbal recall in participants with PTSD compared to participants with AD. However, these verbal memory impairments were significantly influenced by the depressive symptoms of participants with PTSD. The scores on the HS, HY, PD, PA, SC, and PK scales of the MMPI-2 were significantly higher in the groups of participants with PTSD, and specially, HY, SC, and PD was powerful discriminative scale. Our results suggest that verbal memory abilities and MMPI-2 clinical scales, especially HY, SC, and PD could be useful tools for discriminating PTSD and AD.
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Demographic characteristics and estimated intelligence quotient (IQ) for PTSD and AD group
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Values are presented as mean±standard deviation or number only.

PTSD, post-traumatic stress disorder; AD, adjustment disorder.

###### 

T-test results between PTSD and AD for the memory test, BDI, and MMPI-2
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Values are presented as mean±standard deviation.

^\*^*p*\<0.05, ^\*\*^*p*\<0.01, ^\*\*\*^*p*\<0.001.

PTSD, post-traumatic stress disorder; AD, adjustment disorder; BDI, Beck Depression Inventory; MMPI-2, Minnesota Multiphasic Personality Inventory 2; L, lie; K, correction; S, superlative self-presentation; HS, hypochondriasis; D, depression; HY, hysteria; PD, psychopathic deviate; MF, masculinity-femininity; PA, paranoia; PT, psychasthenia; SC, schizophrenia; MA, hypomania; SI, social introversion.
